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FREE-FAILMETHOD. ,

MaxC.Kurbjun

Measurementsofthelongitudinalstabilityanddrag

OFA

characteristics●

ofa fin-stabilizedbodyofrevolutionwitha finenessratioof12 at
lowanglesofattackhavebeenmadethroughthetransonicspeedrangeby
thefTee-f8U method.

Theresultsshowedthattheaerodynamiccentermovedrearward frmn
59percentbow lengthaheadofthenoseat a Machnmiberof0.87anda I

bodynormal-forcecoefficientofO.1.1to15percentaheadofthenose
ata Machnwnberof1.26anda bodynormal-forcecoefficientof 0.24.
By-thetheoryofNACARMA9126,approximately60percentofthiswhift
inaerodynamiccenterwouldbeexpectedto accmpsuytheincreasein
bodynor@l.-forcecoefficient.Therestisassumedtobe attributable
tothechangeinMachnumber.The’6”ametrendwaaindicatedinthetives.
tigationofa similarmodelreportedinNACARML52D21a.

Thelongitudinal-forcecoefficientsofthepresentconfigurationat
subsonicspeedsagreefavorablywiththezero-liftdragcoefficientsof
a similarconfigurationreportedinWA RM L9J27.At supersonicspeeds,
however,thelongitudinal-forcecoefficientswere20percentlessthan
thezero:liftdragofWARM L9J27.

INTRODUCTION

Muchefforthasbeenexpendedinthepastto obtainsatisfactory
stabilityandto reducethedragofhigh-speedaircraft.Thepresent
investigationwasproposedinorderto determinethecontributicmto the
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2 NACARM L54E13

stabilityanddragthatthebodyproducesat anangleofattack.The
free-fallmethodwasusedtoobtainthisinformationthroughthetrau-
sonicspeedrangeinfreeairandat highReynoldsnumbersforcmpari-
sonwithinvestigationsusingothermethodsandtheoreticalanalyses.

Theconfigurationinvestigatedconsistedofa fineness-ratio-12
bodyofrevolutionwithcruciformtailsurfacesattachedtothebody
bymeansof a tailboom. Thehorizontaltailsurfaceswereinstsllled
with5° angleofincidencetothebodycenterlinewhichtheoretically
wouldtrimthemodelat ~ angleofattack.

TheMachnumberin thepresentinvestigationrangedfromsubsonic
to1.26,andthebodynormal-forcecoefficientrangedfromO.11to 0.24.
Theresultsofthepresentinvestigationarecanparedwiththetheoreti-
calvariationofliftandstabilityfromreference1 andwiththeresults
ofliftandstabilitymeasurementsmadeinwind-tunnelinvestigations
reportedinreference2. Dragcomqisonsaremadewiththezero-lift
dragofa similarmodelinvestigatedinreference3.

a.c.
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cD
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dcM/da

f%~
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SYMBOI.S

bodyaerodynamic-centerlocation,percentF

longitudinalacceleration,g units

normalacceleration,g units

lengthofbody,ft

longitudinal-forcecoefficient,w13Jqs

dragcoefficient,D/qS

bodymment coefficient,~/~=

staticlongitudinalstability(bodyplustail)

bodynormal-forcecoefficient,
WaN- ~/t

C@

dragof completeconfiguration,lb

frequencyof oscillationinpitchforcompletemodel,cps

t~
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NACARML54E13 3

Iy momentofinertiaaboutlateralaxl.s(ccmrpletemodel),ft4

M Machnumber

MI, measuredbodymomentaboutcenterofgravity,ft-lb

%’ correctedbodymomentaboutbodymidpoint,ft-lb

P staticpressure,lb/ft2

~ -c pressue, *2, lb/ft2

s bodyfrontalarea,ft2

t taillength(centerofgravityto40percentchordof
horizontalstabilizer),ft

w modelweight,lb

7 ratioofspecificheats

APPARATUSANDMETHOD

ModelConfiguration

Themodelconsistedof a fineness-ratio-12body,s~lar tothose
usedina previousinvestigationinthe’free-fallprogramandreported
inreference3,anda cruciformunswepttailsurface.A photographof
themodelanda drawinggivingpertinenttiensionsarepresentedin
figures1 and2, respectively.Coor&Lna.tesofthebodyaregivenin
tableI.

Thecruciformtailsurfacesweremadeof solidsteelwitha constant
chordsection.Theverticalandhorizontalsurfacesweremountedon a
2-inchboomwith0° and5° angleofincidence,respectively,totheboom.
A photographofthetailboom’andstabilizingsurfacesis shownin
figure3.

ThecenterofgravityofthemodelwaslocatedI-2.1inchesaheadof
thebodymidpoint,thetotalweightwas672.5pounds,andthemomentof
inertiaabouta lateralaxisthroughthecenterofgravitywas
lx slug-feet2.

— .- ..——.—— — —
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&trumentationandMeasurements

tiadditiontothemeasurementoftheflightpathofthemodel,which
wasobtainedfromtheradarandphototheodoliteequipment,thefollowing
quantitiesweretelemeteredfromthemodel:normal(perpendicularto the
longitudinalbodyaxisandpe~endiculartothelateralaxisoftheoffset
tail),transverse,andlongitudinalaccelerations(accelerometersatthe
centerofgravity),andrateofrollandbodymcanentaboutthecenterof
gravity.Theaccelerationsweremeasuredwithinstrumentssimilarto
thosedescribedinreference3 andtherateofrollwasmeasuredby a
standsrdNACArollturnmeteradaptedfortelemeteruse. Bodymomentwas
measuredby a double-barcantileverbalancemountedbetweentherearof
thebodyandthetailboom. Thedeflectionofthebalanceundera load
wasrelayedto thetelemeteringequipmentby an inductance-typepickup
coil.A drawingofthebalanceaudpickupcoilis showninfigure2.
Thistypeofbalancehastheadvantagethat,bymountingthecantilever
barsatananglesuchthattheapexoftheangleislocatedatthecenter
ofgravity,as showninfigure2, theentiretailassemblywillrotate
underloadaboutthecenterofgravity;thus,thedisplacementofthe
balanceatthepickupwillbe a truemeasureofthebodymcmnentaboutthe
centerofgravity.Forthesmalldisplacementnecessaryatthepickup,
in ordertomeasurethebodymment,theangulardisplacementofthetail
surfacesfromthelongitudinalaxiswillbe relativelysmall.

An attemptwasalsomadetomeasuretheangleofattackofthemodel
bymeansofan single-of-attackindicatormountedona noseboom(figs.1
and2). Thesemeasurementsfailedduringthetestbecauseofapparent
dmnagetothenose-boominstallationbeforeor duringthereleaseofthe
model.

Atmosphericsurveyswereobtahedfromsynchronizedrecordsof
atmosphericpressure,temperature,andradar-obtainedgemetricaltitudes
takenduringtheascentanddescentofthedropaircraftbeforeandafter
thedropofthemodel.Thedirectionandvelocityofthehorizontalcom-
ponentofthewindwasdeterminedfromradarandphototheodollterecords
obtainedfromtheascentofa freeballoonafterthefreefallofthe
model.

Machnumberwasobtainedduringthefallfromtheradar-velocity
datapreviousl.ydescribedandtheuseoftheatmosphericwindandtem-
peraturedata.TheestimateduncertaintyinthevaluesofMachnumber
islessthantO.Ol;thisuncertaintyhasbeen
investigations.

ReductionofData

Thecoefficientspresentedinthispaper
valuesofmodelweightW, bodyfrontalmea

verifiedinprevious

weredetermined
S,acceleration

fromthe
a (in

——__— . . . . .— _—._
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g units),anddynamicpressureq. Forthebodynormal-forcecoeffi-
cientCNB,thefollowingrelationshipwasapplied:

c~B=
w~N- ~/t

Sq

where ~ isthemeasuredbodymomentabout
t isthedistancefromthe
to thecenterofgravityof
tlonofthemodel.

Thelongitudbal.-force
relation”

@ percentchord
thecenterofgravity,
ofthehorizontalstabilizer

themodel,and aN isthenormalaccelera-

coefficientCc wascalculatedusingthe

Wa(-j
CC=K

where ~ isthelongitudinalaccelerationofthemodel.

Inorderto comparethelongitudinal-forcecoefficientwiththe
zero-liftdragofa similarmodelpreviouslyinvestigated,a correction
wasappliedto Cc fortheincrementalthrustalongthebodyaxispro-
ducedbythestabilizer.

Themomentaboutthemidpointofthebodywasdeterminedby the
measuredbodymomentaboutthecenterofgravityplustheproductof
thebodyliftandthedistancefromthecenterofgravity-tothebody
midpoint..Also,a.correctionwasappliedtothebodymment forthe
momentcreatedby centrifugalforcesduetotherotationofthebody
whileatanangleofattack.Theangleofattackwasapproximatedby
thetheoryofreference1 fromthebodynormal-forcecoefficient;the
rateofrollatMachnumbersabove1.15wasestimatedby theextrapo-
lationoftherate-of-rollmeasurementbeyondthelimitsof.theinstru-
ment. Themomentcorrectionwasapproximately10percentofthecor-
rectedbodymomentat M = 0.9 andincreasedto15percentat M = 1.15
andto20percentat M = 1.25.Thecorrectioninthelowerrangeof
Machnumberis subjectto errorsinproportiontothesineoftheerror
indeterminingtheangleofattack;however,a differenceaslargeas
30betweenthetheoryandtheinvestigationwouldintroduceanerrorof
lessthan3 percentinthecorrectedmmaent.Thecorrectionsabove
M= 1“.15aresubjecttogreatererrorsbecauseoftheextrapolated
rateofroll,thecentrifugalforcesbeingproportionalto thesquare
oftherateofroll.

u
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,
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By usingthebodymomentaboutthemidpointofthebodycorrected
forroU h%’ themomentcoefficientwasobtainedas follows:

Thestatic-longitudinal-stabildtyparameter~/da forthebody
andtailcombinationunderrollingconditionswasdeterminedfromthe
followingrelation:

MM (2fif)21y—=
da qSF

where f isthefrequencyoftheoscillationofthemodelineither
pitchoryawwhilerollingand Iy is themomentOf fiertiaabouta
lateralaxisthroughthemodel’scenterofgravity.Valuesof ~M/ti
weredeterminedforthencmrollingconditionsfromthesamerelation
butby applyingcorrectionstothevaluesofthefrequencyoftheoscil-
lationinpitchwhilerollingby themethodpresentedinreference4.

RESULTSANDDISCUSSION

BasicResults

Thebasicmeasurementsmadeduringthefreefallofthemodelare
presentedasa the historyinfigure4. Thebodymomentaboutthemodel
centerofgravity,normalacceleration,transverseacceleration,longi-
tudinalacceleration,andrateofrollweredetermineddirectlyfromthe
telemeterrecords.ThevariationofMachnumbersandstaticpressure
withtime,as determinedfromtheradarandatmospherictemperaturepres-
suresurvey,is alsopresentedinfigure4.

Thefirst25 secondsof droprecordswereunusablefortestdata
becauseofoscillationsinattitudedevelopedatrelease.Theseoscil-
lationsdidnotbeginto dampuntilaMachnwiberof0.68(25seconds)
wasattained,andat M = 0.90(~ seconds),theoscillationswerecom-
pletelydamped.Datafrom48 seconds(M= 1.26) to impactwereunus-
ablebecauseofuncontrolledgyrationsofthemodelwhichwillbe dis-
cussedsubsequently.

BodymomentincreasedwithMachnumber.At M = 0.68 (25seconds),
theoscillationswere1400foot-poundswitha meanofapproximately
250foot-pounds.Thismeanincreasedduringthedampedoscillationto

.
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350foot-poundsat M = 0.91 (~ seconds)andtheincreasewasthen
morerapidto 1,350foot-poundsat M = 1.26 (48seconds).

Themeannormal.acceleration=approdma.telyO.lgduringthe
oscillationswith~0.15gat M = 0.68 (25seconds)becamingdsmped
at M = 0.91 (~ seconds).Normalaccelerationincreasedduringthe
remainderoftheusablefalIltb O.Tgat M = 1.26 (48seconds).

LongitudinalaccelerationincreasedwithMachnuniberfrcm-0.025g
with*0.03goscillationat M = 0.68 (25seconds)to0.05gat M= 0.91
(~ seconds).A rapidincreaseoccurredat M = 0.95 (35seconds)frmn
0.0T5gto0.125gandthenincreasedmoregraduallyto O.~g at M = 1.26
(48seconds).

ThevariationofthetransverseaccelerationwasN.15g abouta
meanof approximately-0.05g(leftsideslip)at M = 0.68 (25seconds),
-~to -0.02gatM = 0.91 (M seconds).A buildupoftransverse
accelerationbeganat M = 1.12 (40 seconds)andbecame-0.4gat
M = 1.26 (48seconds).

Rateofrollremainedatapproximately100°persecondfrom25to
35seconds(M=
instrumentlimit
extrapolationof
urementis shown

0.68 to M = b;9k) and~ncreas~drapidlytothe-
of1800persecondat41 seconds(M= 1.15).An
therateofrollusedto correctthebody-mmentmeas-
asthedaahedlinefrcm41to48 seconds.

ExperhentalCoefficients

Thevariationofbodynormal-force,totallo@tu~-forceY and
bodymomentcoefficientswithMachnumberispresentedinfigure5.
Alsoincludedisthezero-~ftdragcoefficientofthebodyandtail
previouslyinvestigated(ref.3)andthetotallongitudinal-forcecoef-
ficientofthepresentinvestigationplusthethrustdueto thetail
surface.Coefficientswerenotpresentedbelowa Machnumberof0.85
becauseoftheinaccuraciesinvolvedin determiningthecoefficients
duringtheoscillatingportionoftheinvestigation.

Thelongitudinal-forcecoefficientincreasedabruptlyfromabout
0.1at M= 0.93 to 0.25at M= 0.98.As theMachnumberincreased,
longitudinal-forcecoefficientdecreasedrapidlyto0.19at M = 1.05,
andmoregradudlyto0.18at M = 1.26.Thelongitudinalthrustdue
totheliftingtailsurfacewasapproximately0.01subsonicand
0.015supersonic.Thezeroliftdragofthemodelofreference3 a~eed
withthelongitudinalforceatthesubsonicspeedsbutwasapproximately
20percentlessat supersonicspeeds.Fora bodyofrevolutionatthe

0 lowliftcoefficientsencountered,thetheoryofreference1 predicts

-. — .—
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thatthelongitudinal-forcecoefficientandzero-liftdragcoefficient
shouldbe approximatelythesame.

Normal-forcecoefficientvariedfromO.U to0.15throughthedrag
rise.From M = 1.05 to M = 1.22, CNB remainedapproximatelyO.1’j,

increasingrapidl.ywithMachnumberto0.24at M = 1.25.

Thebodymomentcoefficient
c%

didnotvarywithMachnumberor

normal-forcecoefficientandremainedatapproximately0.13throughout
therangeoftheinvestigation.

Presentedinfigure6 istheaerodynamic-centerpositionagainst
normal-forcecoefficientvariationforthepresentinvestigation.
hcludedistheaerodynamic-centerpositiondeterminedby thetheoryof
reference1 andforthesimilarbodyofreference2;thebandshownfor
reference2 coversMachnumbersfrom0.89to1.13. Inorderto showthe
variationofMachnumberforthepresentinvestigationduringtheshift
inaerodynamiccentershownby fi~e 6,a curveofbodynormal-force
coefficientagainstMachnumberispresentedinfigure7.

Theresultsshuwthattheaerodynamiccentermovedrearwardfrom
55percentbodylengthaheadofthenoseat C% = O.11 and M = 0.87

to15percentaheadofthenoseat c% = 0.24 and M=l.26. The

theoryofreference1 shows60percentofthisshiftinaerodynamic
centertobe duetotheincreasein CNB. Thetheoreticalincrease

in CNB forthisbodyisdueprimarilytoviscouscrossforcesandis

a nonlinearvariationwithincreasingangleofattack.Thebalanceof
theshiftinaerodynamiccenterisassumedattributabletothechange
inMachnumber.Thevariationofaerodynamic-centerpositionwith ~B

forthemodelofreference2 showsa similartrendasinthepresent
investigation;Machnumberwasalsoshowntohaveaneffectonthe
aerodynamic-centerposition.Thedifferenceintheresultsofthepres-
entandcomparisonconfigurationsisattributedto theremovalofthe
rearone-sixthportionofthebodyforthetestsofreference2.

ThevariationwithMachnumberofthestatic-longitudinal-stability
derivativedCM/da,forthebody-plus-tailcombination,ispresentedin
figure8. Two dcM/h parametersarepresented,onefOrthero~ng
conditionandonecorrectedtothenonrollingcondition.Thefaired
VdUe of dcM/&XfOrthemodelcorrectedtothenonrollingcondition
increases(decreasingstability)fromapproximately-5.75at M = 0.7
to -4.6at M = 1.17.At higherMachnumbersthevaluesof dcM/~ me
doubtfulbecauseoftheextrapolationoftherate-of-rollcurveaswas

— —. —
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previouslydiscussed.Thefairedvaluesof dCM/dafortherolling
conditionincrease(decreasingstabi~ty)fromapproximately-3.75at
M=O.7 to -3.0at M=l.15. Abovethisrangethestabilitydecreased
rapidlytoapproximately-2.0at M = 1.24. This rapiddecreasein sta-
bilityisindicativeofa rapidbuildupofroll.

TheparametersforthebodyalonepreviouslydiscussedCNB and
\ (

aerodynamic-centerlocation)indicatethebodyaloneisunstablebut
becomeslessunstablewithincreasein CNB and M. Thestability
parameterforthecompletemodel dCMidashowsa decreasein stability
withincreasein ~ andMachnumber.Itisassumedthattherateof
rollaboveM = 1.26 wasofa magnitudethatitsdestabilizingeffect
coupledwiththedestabilizingeffectsofincreasingM producedan
unstableconditionandsubsequenttumbleofthemodel.

CONCLUDINGREMARKS

Thelongitudinalstabilityanddragcharacteristicsofa fin-
stabilizedbodyofrevolutionwitha finenessratioof12atlowangles
ofattackhavebeeninvestigatedthroughthetransonicspeedrangeby
thefree-fallmethod.

Theresultsshowedthattheaerodynamiccentermovedrearwardfrom
55percentbodylengthaheadofWe noseata Machnumberof0.87anda
bodynormal-forcecoefficientofO.11to15percentaheadofthenoseat
a Machnuniberof1.26anda bodynormal-forcecoefficientof0.24. ‘l?he
theoryofWARM A9126predictsapproximately60percentofthisshift
inaerodynamiccenterwiththeincreaseinbodynormal-forcecoefficient.
Thedifferenceintheinvestigationresultsandtheoryisassumedtobe
attributabletotheeffectsoftheincreaseinMachnumberwhichaccom-
paniedtheincreaseinnormal-forcecoefficients.Thesametrendwas
indicatedintheinvestigationof a similarmodelreportedinNACA
RM L52D21a.

Thestabilityofthebody-plus-tailcombinationdecreasedwith
increaseinllachnwber;thestabilitywasfurtherdecreasedbya buildup
inrolJvelocitywhichultihnatelyproducedanunstableconfiguration.

Thelongitudinal-forcemeasurementsagreefavorablywiththeresults
of a similarbodyinvestigatedat zeroliftinthesubsonicrangeof

—— —
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speeds;however,inthesupersonicrangeof speeds,themeasurementswere
20percentlessthanthezero-liftdragofthesimilarconfiguration.

LangleyAeronautical.Laboratory,
NationalAdvisoryCcmmitteeforAeronautics,

-w ~ela, Va.,MSY3, 1954.
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TABLXI.-BODYCOORDINATES

r 1AUdimensionssreininches
x Y

o
.60
.90

1.50
3.00
6.00
9.00

12.oo
I_8.00
24.00
~.oo
36.00
42.00

0
.277
.358
.514
.866

1.446
1.936
2.365

;:%
4.158
4.489
4.719

x

48.00
54.00
60.00
66.OQ
72.00
78.m
84.00
90.00
96.00

102.00
108.00
114.oo
M!o.oo

-1

Y

4.876
4.971
5.000
4.955
4.828
4.65o.
4.274
3.754 .
3.031
2.222
1.350
.526
.000

U-
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Figure 1.- Sideviewof model.
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